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METHOD AND APPARATUS FOR
IMPROVING HEARING AID ANTENNA
EFFICIENCY

TECHNICAL FIELD

This document relates generally to hearing assistance
systems and more particularly to method and apparatus for
enhancing performance of wireless communication for hear-
ing aids by improving antenna efliciency.

BACKGROUND

Hearing aids are used to assist patients sullering hearing
loss by transmitting amplified sounds to ear canals. The
sounds may be detected from a patient’s environment using
the microphone in a hearing aid and/or received from a
streaming device via a wireless link. Wireless communica-
tion may also be performed for programming the hearing aid
and recerving information from the hearing aid. In one
example, a hearing aid 1s worn 1n and/or around a patient’s
car. Patients generally prefer that their hearing aids are
mimmally visible or invisible, do not interfere with their
daily activities, and easy to maintain. One difliculty 1n
mimaturizing a hearing aid 1s associated with providing the
hearing aid with reliable wireless communication capabili-
ties. Given the reduced space, likely accompanied with
reduced power supply and increased iterference from other
metal parts of the hearing aid, there 1s a need for providing
the hearing aid with a wireless communication system that
1s small in si1ze and highly power-eflicient, and maintains a
reliable wireless link 1n noisy situations.

SUMMARY

A hearing assistance system includes one or more hearing
aids capable of wireless communication and an antenna
assembly external to the one or more hearing aids for
improving performance of the wireless communication. In
various embodiments, the antenna assembly includes one or
more fabric patches configured to be worn by a hearing aid
user to function as an antenna or an antenna reflector. In
various embodiments, the one or more fabric patches are
integrated with a garment worn by the hearing aid user.

In one embodiment, a hearing assistance system for
delivering sound to a hearing aid user includes a hearing aid
and a wearable antenna assembly that 1s external to the
hearing aid. The hearing aid i1s configured to be worn by the
user and 1ncludes a hearing aid circuit and a shell that houses
the first hearing aid circuit. The hearing aid circuit includes
a first communication circuit configured to perform wireless
communication, a first microphone, a first receiver, and a
first processing circuit. The wearable antenna assembly 1s
external to the first hearing aid shell, 1s configured to be
coupled to the communication circuit, and includes one or
more conductive fabric patches configured to be worn by the
hearing aid user and function as an antenna or an antenna
reflector. In various embodiments, the one or more conduc-
tive fabric patches include electrically conductive maternial
integrated into or adjacent to one or more fabric patches.

In one embodiment, a method for enhancing wireless
communication for one or more hearing aids worn by a
hearing aid user 1s provided. A wearable antenna assembly
external to the one or more hearing aids 1s provided to the
hearing aid user for wearing while the one or more hearing,
aids are bemng worn. The wearable antenna assembly
includes one or more conductive fabric patches configured
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to be worn by the hearing aid user and function as an antenna
or an antenna reflector for the wireless communication.

This Summary 1s an overview of some of the teachings of
the present application and not intended to be an exclusive
or exhaustive treatment of the present subject matter. Further
details about the present subject matter are found in the
detailed description and appended claims. The scope of the
present invention 1s defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a block diagram illustrating an embodiment of
a hearing assistance system including a hearing aid and a
wearable antenna assembly.

FIG. 2 1s a block diagram illustrating an embodiment of
the hearing assistance system with the wearable antenna
assembly including a retlector.

FIG. 3 1s a block diagram illustrating an embodiment of
the hearing assistance system with the wearable antenna
assembly including an antenna.

FIG. 4 1s a block diagram illustrating an embodiment of
the hearing assistance system including a pair of hearing
aids performing ear-to-ear wireless communication.

FIG. 5 15 an i1llustration of an embodiment of a conductive
fabric.

FIG. 6 1s an 1illustration of another embodiment of a
conductive fabric.

FIG. 7 1s an 1llustration of an embodiment of the wearable
antenna assembly integrated with a garment.

FIG. 8 1s an illustration of another embodiment of the
wearable antenna assembly integrated with a garment.

DETAILED DESCRIPTION

The following detailed description of the present subject
matter refers to subject matter 1n the accompanying draw-
ings which show, by way of illustration, specific aspects and
embodiments 1n which the present subject matter may be
practiced. These embodiments are described in suflicient
detail to enable those skilled 1n the art to practice the present
subject matter. References to “an”, “one”, or ‘“‘various”

one
embodiments 1n this disclosure are not necessarily to the
same embodiment, and such references contemplate more
than one embodiment. The following detailed description 1s
demonstrative and not to be taken 1n a limiting sense. The
scope of the present subject matter 1s defined by the
appended claims, along with the full scope of legal equiva-
lents to which such claims are entitled.

This document discusses, among other things, a hearing
assistance system that includes one or more hearing aids
configured to be worn by a hearing aid user and an antenna
assembly externally coupled to the hearing aid to allow for,
or enhance the performance of, wireless communication
with the one or more hearing aids without increasing the size
of the one of more hearing aids. In various embodiments, the
antenna assembly can include an antenna and/or a reflector
for an antenna. In various embodiments, the antenna assem-
bly includes patches of fabric with embedded conductive
fibers, or fabric dyed with dye immersed with nano-conduc-
tive particles, to function as an antenna or as a reflector for
propagating waves during the wireless communication with
the one or more hearing aids.

Existing methods of performing wireless communications
with a hearing aid include, for example, using a low efli-
ciency omni-directional antenna built into the hearing aid.
The magnitude of the output signal 1s controlled by a
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programmable power amplifier (PA), and the mput sensitiv-
ity 1s primarily controlled by the low-noise amplifier (LNA)
gain of the hearing aid or the output power of the device that
1s communicating with the hearing aid. Such a system 1s
susceptible to high levels of out-of-band and/or in-band
interference. In one example, an inductive loop antenna 1s
integrated into a garment and electrically connected to a
hearing device. Under some circumstances, the electrical
connection may create physical interferences with wires,
thereby limiting movements of the user of the hearing
device. The present hearing assistance system provides an
option of wireless interface between the one or more hearing
aids and the antenna assembly, thereby reducing the effort of
making connections and disconnections when changing
cloths, for example, and providing a system appearance that
may be more acceptable to some users. For example, the one
or more hearing aids may each include a bwlt-in antenna,
while the antenna assembly includes a reflector configured
as one or more patches, convex contour shapes, and/or other
surface shapes to retlect radio frequency (RF) electromag-
netic energy toward the ear(s) where the one or more hearing,
aids are located. In various embodiments, such a reflector
includes one or more components of 1dentical or different
shapes embedded 1n the clothing of the wearer.

One challenge to mmproving performance ol wireless
communication with hearing aid i1s the hearing aid user’s
desire for a smaller hearing aid and the need to increase the
s1ize of the antenna 1n the hearing aid. When the antenna 1s
built into the hearing aid, it 1s limited to a size limit set by
the shell or housing of the hearing aid, which 1s generally to
be mimaturized by the customer demand and/or limited by
the anatomical dimensions (such as size of the ear canal).
The present hearing assistance system provides a means of
creating hearing aid compatible antenna systems with higher
gain and more directivity that are seamlessly integrated with
the normal garments of the hearing aid wearer. The size of
the antenna assembly 1s not limited by the size of the shell
or housing of the hearing aid or the anatomical dimensions
of the ear, as the size of a garment provides ample space for
placing the antenna assembly.

In various embodiments, the antenna assembly of the
present hearing assistance system enhances the performance
of the wireless communication with a hearing aid by includ-
ing a directly connected or parasitic antenna or antenna
reflector that 1s ommnidirectional or directive. In various
embodiments, the antenna or antenna reflector 1s integrated
into and/or onto a piece of fabric used as a garment to benefit
the hearing aid wearer. When the hearing aid uses a directive
antenna for the wireless communication, the antenna or
antenna reflector of the antenna assembly can be positioned
to maximize the signal received by the hearing aid and
mimmize the unwanted background noise and interference
traveling toward the antenna from a significantly different
direction. For example, a conductive antenna reflector that 1s
placed near the collar of the hearing aid user can also be used
to cut down on the losses seen from a propagating RF wave
from one hearing aid to another hearing aid during ear-to-ear
communication. The conductive antenna reflector can also
be placed to create directivity that allows for spatial selec-
tivity 1n recerving signals traveling in certain directions.

In various embodiments, the antenna assembly 1s config-
ured and placed to provide antenna directivity that can
increase signal strength of the wireless communication with
the one or more hearing aid with respect to the surrounding,
noise level. Different placement of the conductive material
can aflect the antenna efliciency by increasing beneficial
multipath eflects associated with RF streaming or program-
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ming to the one or more hearing aids, while reducing RF
interference in certain directions that an intended commu-
nication signal 1s most unlikely to travel from. When the
antenna assembly 1s used directly as an antenna, the gain can
be increased, or different patterns can be created to improve
the performance of the wireless communication under vari-
ous circumstances.

In various embodiments, the antenna or antenna reflector
1s formed by a structure including conductive fiber embed-
ded 1n fabric or certain nonconductive fabrics are dyed with
a conductive 1nk that has nano-particles of silver, copper, or
another electrically conductive metal. One or more patches
of these fabrics could be embedded 1n or attached to a
baseball cap, shoulder pads of a suit coat, collar of a shirt,
top portion of a winter hat, earmulils, a tie, and so forth. In
various embodiments, such one or more patches are placed
on portions of a garment closest to the ears of the hearing aid
wearer where the benefit to the wireless communications
with the one or more hearing aids 1s found to be most
significant. In this document, a “garment” includes any
article of clothing or covering suitable for wearing by a
person including the hearing aid user. Examples of the
garment include, but are not limited to, dresses, suits, coats,
shirts, sweaters, jackets, vests, robes, gowns, caps, hats, ties,
scarves, and earmulls. A “hearing aid user”, also referred to
as a hearing aid wearer or patient, includes the person
wearing one or more hearing aids of the present hearing
assistance system.

The present subject matter 1s demonstrated for hearing
assistance devices, including hearing aids, including but not
limited to, behind-the-ear (BTE), in-the-ear (ITE), in-the-
canal (ITC), recerver-in-canal (RIC), or completely-in-the-
canal (CIC) type hearing aids. It 1s understood that behind-
the-ear type hearing aids may include devices that reside
substantially behind the ear or over the ear. Such devices
may include hearing aids with recervers associated with the
clectronics portion of the behind-the-ear device, or hearing
aids of the type having receivers in the ear canal of the user,
including but not limited to receiver-in-canal (RIC) or
receiver-in-the-ear (RITE) designs. The present subject mat-
ter can also be used 1n hearing assistance devices generally,
such as cochlear implant type hearing devices. It 1s under-
stood that other hearing assistance devices not expressly
stated herein may be used 1n conjunction with the present
subject matter.

FIG. 1 1s a block diagram illustrating an embodiment of
a hearing assistance system 100 including a hearing aid 110
and a wearable antenna assembly 130. In various embodi-
ments, system 100 may include one or more hearing aids
configured to be worn by a hearing aid user, such as a pair
of hearing aids for delivering sound to the left and right ears
of the hearing aid user.

Hearing aid 110 1s configured to be worn by the hearing
aid user and includes a hearing aid circuit 112 and a shell 114
that houses hearing aid circuit 112. Examples of shell 114
include, but are not limited to, housing for a BTE, ITE, I'TC,
RIC, CIC, or RITE type hearing aid. Hearing aid circuit 112
includes a microphone 118, a communication circuit 116, a
processing circuit 120, and a receiver (speaker) 122. Micro-
phone 118 receives sounds from the environment of the
hearing aid user. Communication circuit 116 performs wire-
less communication of hearing aid 110. In various embodi-
ments, communication circuit 116 allows hearing aid 110 to
communicate with another device wirelessly, including
receiving programming codes, streamed audio signals, and/
or other audio signals from another device and transmitting
programming codes, audio signals, and/or other signals to
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another device. Processing circuit 120 controls the operation
of hearing aid circuit 112 using the programming codes and
processes the sounds received by microphone 118 and/or the
audio signals received by communication circuit 116 to
produce output sounds. Receiver 122 transmits output
sounds to an ear canal of the hearing aid user.

Wearable antenna assembly 130 1s external to shell 114
and configured to be coupled to communication circuit 116
and worn by the hearing aid user. In various embodiments,
a link 140 between wearable antenna assembly 130 and
communication circuit 116 represents a wired electrical
connection and/or an electromagnetic or magnetic couple.
Wearable antenna assembly 130 includes an antenna/retlec-
tor 132, which represents a structure configured to function
as an antenna and/or a reflector for the wireless communi-
cation performed by communication circuit 116. The retlec-
tor 1s a structure that improves the efliciency of an antenna
by redirecting signals (electromagnetic waves) of the wire-
less communication. In one embodiment, antenna/reflector
132 includes one or more conductive fabric patches config-
ured to be worn by the hearing aid user and function as the
antenna or the retlector. The one or more conductive fabric
patches are each configured to function as a component of
the antenna or a component of the reflector. In one embodi-
ment, the one or more conductive fabric patches are each
configured to be integrated with a garment that the hearing
aid would wear while using hearing aid 110.

In various embodiments, the one or more conductive
tabric patches include one or more fabric substrates and one
or more components of the antenna or the reflector inte-
grated 1nto the one or more fabric substrates. While the one
or more conductive fabric patches are specifically discussed
as an example of antenna/reflector 132, 1t 1s understood that
antenna/reflector 132 may include any structure suitable for
wearing by the user of hearing aid 110.

FIG. 2 1s a block diagram illustrating an embodiment of
a hearing assistance system 200, which represents an
embodiment of system 100 with the wearable antenna
assembly including a retlector. System 200 includes a hear-
ing aid 210 and a wearable antenna assembly 230.

Hearing aid 210 represents an embodiment of hearing aid
110 and includes a hearing aid circuit 212 housed in shell
114. Hearing aid circuit 212 includes microphone 118, a
communication circuit 216, processing circuit 120, and
receiver (speaker) 122. Communication circuit 216 repre-
sents an embodiment of communication circuit 116 and
includes an antenna 214 for the wireless communication of
hearing aid 210. Wearable antenna assembly 230 represents
an embodiment of wearable antenna assembly 130 and
includes a reflector 232 configured to redirect signals (elec-
tromagnetic waves) of the wireless communication for
reception by antenna 214. In one embodiment, reflector 232
1s formed by integrating one or more reflector components
into one or more fabric substrates.

In various embodiments, wearable antenna assembly 230
1s configured for retlector 232, including each of the one or
more retlector components, to be located within approxi-
mately one half of a carrier wavelength of the wireless
communication from antenna 224 when hearing aid 210 and
wearable antenna assembly 230 are being worn by the
hearing aid user. In various embodiments, wearable antenna
assembly 230 1s configured to increase the directivity of the
wireless communication using antenna 214 to spatially
select certain signals traveling in certaimn directions for
reception. In various embodiments, wearable antenna
assembly 230 1s configured to increase the directivity of the
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wireless communication using antenna 214 to spatially
attenuate interference and noise from certain directions.

FIG. 3 1s a block diagram illustrating an embodiment of
a hearing assistance system 300, which represents an
embodiment of system 100 with the wearable antenna
assembly including an antenna. System 300 includes a
hearing aid 310 and a wearable antenna assembly 330.

Hearing aid 310 represents an embodiment of hearing aid
110 and includes a hearing aid circuit 312 housed 1n shell
114. Hearing aid circuit 312 includes microphone 118, a
communication circuit 316, processing circuit 120, and
receiver (speaker) 122. Communication circuit 316 repre-
sents an embodiment of communication circuit 116. In
vartous embodiments, commumnication circuit 316 may or
may not include an antenna for the wireless communication
of hearing aid 310. For example, communication circuit 316
includes an antenna and 1s coupled to wearable antenna
assembly 330 only when improvement of performance of
the wireless communication becomes necessary or desirable.
In another example, communication circuit 316 does not
include an antenna and depends on wearable antenna assem-
bly 330 to function as an antenna for the wireless commu-
nication. Wearable antenna assembly 330 represents an
embodiment of wearable antenna assembly 130 and 1includes
an antenna 332 that i1s to be electrically connected to
communication circuit 316 via a wired link 340. In one
embodiment, antenna 332 1s formed by integrating one or
more antenna components into one or more fabric sub-
strates.

In one embodiment, wired link 340 includes a cable, such
as a coaxial cable, configured to electrically connect antenna
332 to wireless communication circuit 316. In one embodi-

ment, the cable includes a first connector to detachably
connect to antenna 332 and a second connector to detach-
ably connect to hearing aid 310.

FIG. 4 1s a block diagram illustrating an embodiment of
a hearing assistance system 400, which represents an
embodiment of system 100 with a pair of hearing aids
performing ear-to-ear wireless communication. System 400
includes a leit hearing aid 410L, a right hearing aid 410R,
and wearable antenna assembly 230. Reflector 232 1s to be
worn by the hearing aid user to enhance performance of the
car-to-ear wireless communication between left hearing aid
410L and night hearing aid 410R, with 440L and 440R
representing a binaural link commumicatively coupling
between the hearing aids 4101 and 410R through reflector
232.

Left hearing aid 410L represents an example of hearing
aid 110 and 1s configured to be worn 1n or about the left ear
of the hearing aid user and includes a hearing aid circuit
4121 and a shell 414L that houses hearing aid circuit 412L.
Examples of shell 4141 include, but are not limited to,
housing for a BTE, ITE, I'TC, RIC, CIC, or RITE type
hearing aid for use with the left ear. Hearing aid circuit 412L
includes a microphone 4181, a communication circuit 416L,
a processing circuit 420L, and a receiver (speaker) 422L.
Microphone 418L receives sounds from the environment of
the hearing aid user and produces a leit microphone signal
representing the received sounds. Wireless communication
circuit 420L performs wireless communication to and from
left hearing aid 410L, including wireless communication
with right hearing aid 410R via binaural link 440L-440R.
Processing circuit 420L processes the left microphone signal
and/or a signal received by wireless communication circuit
416L to produce a left sound. Receiver 446L transmits the
left sound to the left ear of the hearing aid user.
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Right hearing aid 410R represents an example of hearing,
aid 110 and 1s configured to be worn 1n or about the right ear
of the hearing aid user and includes a hearing aid circuit
412R and a shell 414R that houses hearing aid circuit 412R.
Examples of shell 414R include, but are not limited to,
housing for a BTE, ITE, I'TC, RIC, CIC, or RITE type
hearing aid for use with the right ear. Hearing aid circuit
412R includes a microphone 418R, a communication circuit
416R, a processing circuit 420R, and a receiver (speaker)
422R. Microphone 418R recerves sounds from the environ-
ment of the hearing aid user and produces a right micro-
phone signal representing the received sounds. Wireless
communication circuit 420R performs wireless communi-
cation to and from leit hearing aid 4101, including wireless
communication with right hearing aid 410R via binaural link
440R-440L. Processing circuit 420R processes the right
microphone signal and/or a signal received by wireless
communication circuit 416R to produce a rnight sound.
Receiver 446L transmits the right sound to the left ear of the
hearing aid user.

In various embodiments, retlector 232 1s configured to
decrease the propagation losses from a signal traveling in the
tar-field between lett hearing aid 410L and right hearing aid
410R. In various embodiments, retlector 232 1s configured to
decrease the propagation losses from a signal traveling in the
near-field between left hearing aid 410L and right hearing,
aid 410R. In various embodiments, retlector 232 1s config-
ured to decrease the propagation losses from a signal trav-
cling 1n both the far-filed and the near-field between leit
hearing aid 410L and right hearing aid 410R. In various
embodiments, wearable antenna assembly 230 1s configured
for placing reflector 232 (the one or more conductive
patches) lateral to the head of the hearing aid user wearing,
left hearing aid 410L (on the left side of the head) and right
hearing aid 410R (on the right side of the head). In various
embodiments, wearable antenna assembly 230 1s configured
tor placing reflector 232 near leit hearing aid 410L and right
hearing aid 410R when hearing assistance system 1s being,
worn by the hearing aid user, such as being integrated into
a hat or a collar of a jacket.

FIG. 5 1s an 1llustration of an embodiment of a conductive
tabric 550 for making the one or more conductive fabric
patches. Conductive fabric 550 includes conductive fibers
(such as metal fibers) embedded 1n fabric of elastic fibers. In
the illustrated embodiment, metal fibers 552 are interwoven
into normal clothing fibers 554. One or more conductive
tabric patches made of such fabric material can be placed,
for example, on the shoulders underneath the visible fabric
or embedded 1nto a hat or other garment. In various embodi-
ments, any form ol conductive fabric suitable to function as
an antenna or reflector may be used to produce the one or
more conductive fabric patches discussed 1n this document.
For example, the one or more conductive fabric patches can
be made of fabric soaked in conductive nano-particles to
provide a conductive RF reflective surface.

FIG. 6 1s an 1llustration of another embodiment of a
conductive fabric 650 showing 1ts layers 1n a side or cross-
sectional view. A metal (such as copper) layer 660 1s athixed
to a fabric layer 656 using an adhesive layer 658. An
insulation layer 662 1s optionally attached to metal layer 660
to lower eflects of body loading and losses from body tissue.

FIGS. 5 and 6 illustrate conductive fabrics by way of
example, and not by way of restriction. In various embodi-
ments, the one or more conductive fabric patches as dis-
cussed 1n this document can be formed by interweaving an
clectrically conductive material with a non-conductive
material, formed by embedding conductive inks, dyes or
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residues 1nto the one or more fabric substrates (fabric made
ol absorptive material), and/or formed by ailixing electri-
cally conductive material onto the one or more fabric
substrates. In various embodiments, wearable antenna
assembly 130, 230, or 330 is integrated with a garment. In
various embodiments, wearable antenna assembly 130, 230,
or 330 1s attached to fabric 1n a garment, such as adhered to
the fabric in the garment. In some embodiments, wearable
antenna assembly 130, 230, or 330 i1s attached to a surface
of the garment that i1s visible when the garment 1s worn by
the hearing aid user, such as the outer surface of the garment.
In some other embodiments, wearable antenna assembly
130, 230, or 330 1s attached to a surface of the garment that
1s 1nvisible when the garment 1s worn by the hearing aid
user, such as the inner surface of the garment. In one
embodiment, reflector 232 or antenna 332 includes a con-
ductive metal surrounded by fabric and molded or bent
around the contour of a portion of the body of the hearing aid
user. In one embodiment, reflector 232 or antenna 332
includes a conductive metal surrounded by an insulator and
molded or bent around the contour of a portion of the body
of the hearing aid user.

FIG. 7 1s an 1llustration of an embodiment of a wearable
antenna assembly 730 integrated with a garment 770. The
illustrated embodiment includes a hearing assistance system
700, which represents an embodiment of system 100 and
includes a left hearing aid 710L, a right hearing aid 710R,
and wearable antenna assembly 730 including a reflector
732 formed by two conductive fabric patches placed on the
shoulders of the hearing aid user. An example of hearing aids
710 and 710R 1includes hearing aids 410L and 410R,
respectively. The arrows illustrate signals of the wireless
communication redirected by reflector 732 to increase the
antenna efliciency of the hearing aids 710L and 710R.

FIG. 8 1s an illustration of another embodiment of a
wearable antenna assembly 830 integrated with a garment
870. The 1llustrated embodiment includes a hearing assis-
tance system 800, which represents an embodiment of
system 100 and includes a left hearing aid 810L, a right
hearing aid 810R, and wearable antenna assembly 830
including a reflector 832 formed by integrating conductive
material into a hat or cap 870. An example of hearing aids
810L and 810R includes hearing aids 410L and 410R,
respectively. The arrows illustrate noise signals redirected
by reflector 832 to increase the antenna efliciency of the
hearing aids 710L and 710R by decreasing interference. In
some embodiments, wearable antenna assembly 830 can
also provide directivity for the wireless communication with
the hearing aids 810L and 810R in a manner similar to a dish
antenna reflector.

FIGS. 7 and 8 illustrate, by way of example, and not by
way of restriction, the wearable antenna assemblies worn on
different portions of the body of the hearing aid user. In
various embodiments, the wearable antenna assembly as
discussed 1n this document may include the one or more
conductive fabric patches configured to be placed on por-
tions of the body of the hearing aid user identified for
increasing directivity of the wireless communications. In
one embodiment, the one or more conductive fabric patches
are configured to be placed on the hearing aid user for
maximizing a direct signal path of an anticipated wave of the
wireless communication, such as a path of a signal coming
from a television set 1n front of the viewer (hearing aid user),
a path of a signal coming from a remote microphone 1n front
of the hearing aid user, and a path of signal comings from
360 degrees but 1s only 1n a limited elevation band (less than
180 degrees) during a hearing aid programming session. In
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one embodiment, the one or more conductive fabric patches
are configured to be placed on the hearing aid user for
reducing interference and noise propagating from a direction
in which no signal of the wireless communication 1is
expected to travel from, such as a direction right above the
head of the hearing aid user who 1s watching television and
signal 1s expected to come from in front of the hearing aid
user. In one embodiment, the one or more conductive fabric
patches are configured to be placed on the hearing aid user
for eliminating RF interference to the wireless communica-
tion from directions other than those from which program-
ming and intended communication to the hearing aid travel.
In one embodiment, the one or more conductive fabric
patches are configured to be placed on the hearing aid user
for operating the hearing aid to pertorm the wireless com-
munication at lower frequencies by supplyving a larger
antenna than could fit into the housing of the hearing aid.

In one embodiment, the wearable antenna assembly as
discussed in this document 1s configured to provide a
directivity of the wireless communication as a function of
the type of garment worn by the hearing aid user. The type
of garment worn by the hearing aid user can signal a
different action and therefore a diflerent way of treating
anticipated signals of the wireless communication and
noises. For example, a winter hat may mean that the hearing
user 1s going outdoors where most RF energy coming from
above the user 1s interference and may be eliminated with a
conductive fiber reflector built into that winter hat. Thus, a
hearing aid user may be provided with different wearable
antenna assemblies integrated into different types of gar-
ments according to the intended uses of the garments.

Various embodiments of the present subject matter
include any garment designed specifically to redirect RF
energy to increase the performance of wireless communi-
cation for a hearing aid worn by a hearing aid user. In
various embodiments, conductive fabric may be used as an
antenna for wireless battery charging of hearing aids, for
communication with hearing aids, or as a repeater for
communicating to another communication unit. In various
embodiments, the present subject matter allow for decreas-
ing size of a hearing aid antenna by providing additional
gain via an electrically close antenna reflector, increasing
wireless communication activities without increasing power
consumption while remaining trendy, and improving pertor-
mance of ear-to-ear wireless communication.

It 1s understood that the hearing aids referenced in this
patent application include a processor (such as processing
circuits 120, 420L, and 420R). The processor may be a
digital signal processor (DSP), microprocessor, microcon-
troller, or other digital logic. The processing of signals
referenced 1n this application can be performed using the
processor. Processing may be done in the digital domain, the
analog domain, or combinations thereolf. Processing may be
done using subband processing techniques. Processing may
be done with frequency domain or time domain approaches.
For simplicity, in some examples blocks used to perform
frequency synthesis, frequency analysis, analog-to-digital
conversion, amplification, and certain types of filtering and
processing may be omitted for brevity. In various embodi-
ments the processor 1s adapted to perform 1nstructions stored
in memory which may or may not be explicitly shown. In
vartous embodiments, instructions are performed by the
processor to perform a number of signal processing tasks. In
such embodiments, analog components are 1n communica-
tion with the processor to perform signal tasks, such as
microphone reception, or recerver sound embodiments (1.e.,
in applications where such transducers are used). In various
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embodiments, realizations of the block diagrams, circuits,
and processes set forth herein may occur without departing
from the scope of the present subject matter.

This application 1s intended to cover adaptations or varia-
tions of the present subject matter. It 1s to be understood that
the above description 1s intended to be illustrative, and not
restrictive. The scope of the present subject matter should be
determined with reference to the appended claims, along
with the full scope of legal equivalents to which such claims
are entitled.

What 1s claimed 1s:

1. A hearing assistance system for delivering sound to a
user wearing a garment, comprising:

a first hearing aid configured to be worn by the user, the

first hearing aid including;:

a first hearing aid circuit including a first communica-
tion circuit including a first antenna and configured
to perform wireless communication, a first micro-
phone, a first receiver, and a first processing circuit
coupled to the first microphone, the first receiver, and
the first communication circuit; and

a first hearing aid shell housing the first hearing aid
circuit; and

a wearable antenna assembly external to the first hearing
aid shell, the wearable antenna assembly including one
or more conductive fabric patches configured to be
worn by the user and function as an antenna reflector
configured to redirect signals of the wireless commu-
nication for improving etliciency of the first antenna.

2. The system of claim 1, wherein the wearable antenna
assembly 1s configured to be integrated with the garment.

3. The system of claim 2, whereimn the one or more
conductive fabric patches comprise:

one or more fabric substrates; and

the antenna reflector including one or more reflector
components integrated into the one or more fabric
substrates.

4. The system of claim 3, wherein the wearable antenna
assembly 1s configured for each of the one or more reflector
components to be located within approximately one half of
a carrier wavelength of the wireless communication from the
first hearing aid antenna when the hearing aid and the
wearable antenna assembly are being worn by the user.

5. A hearing assistance system for delivering sound to a
user wearing a garment, comprising:

a first hearing aid configured to be worn by the user, the

first hearing aid including:

a first hearing aid circuit including a first communica-
tion circuit configured to perform wireless commu-
nication, a first microphone, a first receiver, and a
first processing circuit coupled to the first micro-
phone, the first recerver, and the first communication
circuit; and

a first hearing aid shell housing the first hearing aid
circuit;

a wearable antenna assembly external to the first hearing
aid shell and mtegrated with the garment, the wearable
antenna assembly configured to be coupled to the first
communication circuit and including one or more con-
ductive fabric patches configured to be worn by the
user and function as an antenna for the first communi-
cation circuit to perform the wireless communication,
wherein the one or more conductive patches include
one or more fabric substrates and the antenna including
one or more antenna components integrated into the
one or more fabric substrates; and
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a cable configured to detachably connect the antenna to
the first hearing aid.

6. The system of claim 2, further comprising a second
hearing aid configured to be worn by the user, the second
hearing aid including;

a second hearing aid circuit including a second commu-
nication circuit to perform wireless communication
with at least the first communication circuit, a second
microphone, a second receiver, and a second process-
ing circuit coupled to the second microphone, the
second receiver, and the second communication circuit;
and

a second hearing aid shell to house the second hearing aid
circuit, and wherein the wearable antenna assembly 1s
external to the first and second hearing aid shells and
configured to be coupled to the first and second com-
munication circuits and to be worn by the user 1n a
manner enhancing performance of the wireless com-
munication between the first and second hearing aids.

7. The system of claim 2, wherein the one or more
conductive fabric patches are formed by interweaving an
clectrically conductive material with a non-conductive
material.

8. The system of claim 2, wherein the one or more
conductive fabric patches are formed by conductive inks,
dyes or residues embedded into the one or more fabric
substrates.

9. The system of claim 2, wherein the one or more
conductive fabric patches are attached to fabric in the
garment.

10. The system of claam 2, wherein the one or more
conductive fabric patches each comprise a conductive metal
surrounded by fabric and molded or bent around the contour
ol a portion of the body of the user.

11. The system of claim 10, wherein the one or more
conductive fabric patches each comprise an insulator, and
the conductive metal 1s surrounded by the insulator.

12. A hearing assistance system for delivering sound to a
user wearing a garment, comprising: a pair ol hearing aids
configured to be worn by the user, the hearing aids each
including: a hearing aid circuit including a communication
circuit configured to perform wireless communication, a
microphone, a receiver, and a processing circuit coupled to
the microphone, the receiver, and the communication circuit,
the communication circuit including an antenna; and a
hearing aid shell housing the hearing aid circuit; and a
wearable antenna assembly external to the one or more
hearing aids, the wearable antenna assembly configured to
be worn by the user, the wearable antenna assembly includ-
ing an antenna reflector configured to redirect signals to be
received by the antenna of the communication circuit of
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cach of the hearing aids, wherein the wearable antenna
assembly comprises: one or more fabric substrates; and one
or more reflector components of the antenna reflector inte-
grated into the one or more fabric substrates, wherein the
wearable antenna assembly 1s configured for each of the one
or more reflector components to be located within a approxi-
mately one half of a carrier wavelength of the wireless
communication from the antenna of the communication
circuit of each of the one or more hearing aids when the one
or more hearing aids and the wearable antenna assembly are
being worn by the user.

13. The system of claim 12, wherein the wearable antenna
assembly 1s integrated into the garment.

14. The system of claim 12, wherein the wearable antenna
assembly 1s configured to be detachably attached to the
garment.

15. The system of claim 1, wherein the wearable antenna
assembly 1s configured to be attached to the garment.

16. The system of claim 15, wherein the wearable antenna
assembly 1s attached to a surface of the garment that i1s
invisible when the garment 1s worn by the wearer.

17. The system of claim 6, wherein the garment comprises
a cap or hat, and the wearable antenna assembly comprises
the antenna reflector integrated with the cap or hat.

18. The system of claim 12, wherein the one or more
reflector components are formed by interweaving an elec-
trically conductive material with a non-conductive material.

19. The system of claim 12, wherein the one or more
reflector components are formed by conductive inks, dyes or
residues embedded into the one or more fabric substrates.

20. The system of claim 12, wherein the one or more
reflector components are attached to fabric 1n the garment.

21. The system of claim 12, wherein the one or more
reflector components each comprise a conductive metal
surrounded by fabric and molded or bent around the contour
ol a portion of the body of the user.

22. The system of claim 21, wherein the one or more
reflector components each comprise an insulator, and the
conductive metal 1s surrounded by the insulator.

23. The system of claim 5, wherein the one or more
conductive fabric patches are formed by interweaving an
clectrically conductive material with a non-conductive
material.

24. The system of claim 5, wherein the one or more
conductive fabric patches are formed by electrically con-
ductive inks, dyes or residues embedded into the one or
more fabric substrates.

25. The system of claim 5, wherein the one or more
conductive fabric patches are formed by athixing electrically
conductive material onto the one or more fabric substrates.
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